The behaviour of mixed fluid finite elements, formulated based on the Lagrangian frame of reference, is investigated to understand the effects of locking due to incompressibility and irrotational constraints. For this purpose, both linear and quadratic mixed triangular fluid elements are formulated. It is found that there exists a close relationship between the penalty finite element approach that uses reduced/selective numerical integration to alleviate locking, and the mixed finite element approach. That is, performing reducedaselective integration in the penalty approach amounts to reducing the order of pressure interpolation in the mixed finite element approach for obtaining similar results. A number of numerical experiments are performed to determine the optimum degree of interpolation of both the mean pressure and the rotational pressure in order that the twin constraints are satisfied exactly. For this purpose, the benchmark solution of the rigid rectangular tank is used. It is found that, irrespective of the degree of mean and the rotational pressure interpolation, the linear triangle mesh, with or without central bubble function (incompatible mode), locks when both the constraints are enforced simultaneously. However, for quadratic triangle, linear interpolation of the mean pressure and constant rotational pressure ensures exact satisfaction of the constraints and the mesh does not lock. Based on the results obtained from the numerical experiments, a number of important conclusions are arrived at.
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Introduction
Fluid finite elements are normally required to analyse problems involving dynamic interaction between flexible structures and the surrounding fluid medium, that is, the fluid± structure interaction problems. Most of the current fluid-structure analysis is based on the Eulerian±Lagrangian or the u-p approach. In this approach, fluids are modelled based on the Eulerian frame of reference. As a result, pressures (or velocity potentials) become the nodal variables. The structures as usual are modelled based on the Lagrangian frame of reference and hence have displacements as nodal degrees of freedom. At the fluid±solid interface, the coupling is enforced by matching the normal velocities in fluid and solid domains. This results in matrices being unsymmetric and having large bandwidth, and hence special type of solvers are required to solve the coupled systems at the cost of extra computational effort. Hence, the method cannot be readily incorporated into any existing finite element software. The reader can refer to Zienkiewicz & Taylor (1991) for more details on the approach.
Alternatively, both the fluid and the structure can be modelled with the Lagrangian frame of reference. This results in having displacements as degrees of freedom for both fluid and solid domains. Since the variables are identical in both the domains, no special coupling schemes are required and the compatibility and the equilibrium conditions are automatically satisfied at the fluid±solid interface through a matrix assembly procedure. These fluid elements, formulated based on the Lagrangian frame of reference, are also called`M ock Fluid Elements''. They can be readily incorporated into any existing finite element software without much modification. Details of the approach are given in Cook et al (1989) .
One of the problems associated with Lagrangian fluid elements is the presence of mesh locking due to incompressibility constraints (Wilson & Khalvati 1983) . That is, in the limit as the fluid becomes incompressible (Poisson's ratio # 3 0X5), the bulk modulus becomes infinite. This leads to zero volumetric strain. Hence, the fluid is constrained to exhibit zero volume change in the penalty limit. This causes the mesh to lock, giving displacements (velocities) that are several orders of magnitude less than their true values. Such behaviour is also seen in displacement-based structural elements for incompressible problems (Pian & Lee 1976; Satish Chandra & Prathap 1989) .
Lagrangian fluid elements also have a tendency to exhibit zero energy modes and spurious acoustic or pressure modes. While the presence of the zero energy modes are inherent to the Lagrangian fluid element formulation due to circulation of the fluids, the spurious pressure modes are essentially due to higher order integration of the stiffness matrix (Wilson & Khalvati 1983) . Therefore, in order to eliminate the unwanted zero energy modes and identify the true pressure modes, Hamdi et al (1978) introduced rotational constraints, that is, assumed the fluid irrotational. Enforcing fluid irrotationality would mean introduction of additional constraints to an already volumetrically constrained fluid. Hence, Lagrangian fluid finite elements can be considered a constrained media problem having two naturally occurring constraints ± the incompressibility constraints and the irrotational constraints.
The common methods available to alleviate locking are the penalty finite element approach, the field consistent approach and the mixed finite element approach. In the penalty approach, the stiffness matrix of a constrained system can be split into two parts ± the first due to constrained strain field and the second due to unconstrained strain field. The characteristic feature of a constrained system is that it gives rise to a part of the stiffness
